The study was conducted to determine the effect of dietary energy level and tanniniferous Acacia karroo leaf meal level of supplementation at finisher stage on performance and carcass characteristics of male and female Ross 308 broiler chickens. Three hundred and sixty, 21 days old male and female broiler chickens were assigned to twelve treatments with three replications of ten birds in a 2 (sex) x 3 (dietary energy level) x 3 (tanniniferous Acacia karroo leaf meal level) factorial, complete randomized design. Supplementation with Acacia karroo leaf meal had no effect on diet intake, digestibility and live weight of broiler chickens. However, supplementation with 9 and 12 g of Acacia karroo leaf meal per kg DM feed reduced fat pad weights in male broiler chickens by 26 and 29% points, respectively. Similarly, supplementation with 9 and 12 g of Acacia karroo leaf meal per kg DM feed reduced fat pad weights in female chickens by 26% points. These reductions were achieved without any significant reduction in feed intake and digestibility. However, the physiological explanation for this effect is not clear and it, thus, merits further investigation.
INTRODUCTION
The broiler chicken industry is an important source of animal protein in Limpopo province in comparison with cattle and pigs (Boer et al., 2001) . However, extensive genetic selection towards a fast-growing chicken has led not only to a dramatic shortening of the growing period, but also to excessive carcass fatness, which consequently lowers meat yield and feed efficiency. In addition, fat deposition has become a serious threat in the breeder flocks since obesity also leads to infertility (Friedman-Einat et al., 1999) . Excessive fatness is one of the undesirable consequences of selection for increased growth of modern broiler chickens. Accumulation of fat in carcasses of broiler chickens represents waste product to consumers who are increasingly concerned about the nutritional and health aspects of their food (Mahmoud and Mihaly, 1998) . Fat amount, fat quality and cholesterol content in food are important consideration when the relationships between fat and the risk of some cardiovascular diseases and cancer are evaluated (Ahn et al., 1995; Cherian and Wolfe, 1996) . The latter consideration is important because results of many human studies have related high dietary fat intake to the incidence of cardiovascular diseases and cancer (Lichtenstein, 1999) . Excess body fat deposition in broiler chickens is now of concern to both producers and consumers. Due to increasing public demand for low fat and low cholesterol products, interest in manipulating the lipid composition of poultry meat via dietary means has become important (Hargis and Elswyk, 1993; Sacks, 2002) . It is widely acknowledged that there is a need for low intakes of cholesterol and saturated fats (Evans et al., 2002) . The control of lipid deposition in broiler chickens aimed at efficient lean poultry meat production is of current interest (Fisher and McNab, 1997) . Tannins have been associated with reduced carcass fat content in grazing lambs, relative to lambs grazing white clover only (Purchase and Keogh, 1984) . However, the effects of tannins on broiler chicken fat content are not known. Therefore, the objective of the present study was aimed at determining whether ingestion of tannins at finisher stage would reduce fat content in broiler chickens. Collection, drying and storage of plant material: Acacia karroo leaves were hand-harvested early each morning for one week at the University of Limpopo main campus in May, 2006 . The leaves were then shade dried and stored in-doors for 14 days prior to grinding. The dried leaves were ground, using 2 mm screen and stored in air-tight bags until needed for feeding as a supplement in the experiment. Birds, treatment, design and data collection: Three Nutrient analysis: Dry matter and nitrogen contents of hundred and sixty, 21 days old Ross 308 broiler chickens were used in the experiment. Prior to this experiment, the chickens were feed a 22% CP starter diet that would satisfy their nutritional requirements according to the NRC (1994). On commencement of the experiment, the chickens were randomly assigned to twelve dietary treatments (Table 1) with three replications, each having 10 birds in a 2 (sex) x 2 (energy levels) x 3 (tanniniferous acacia leaf meal levels) factorial arrangement in a complete randomized design (SAS, 2000) . Thus, 36 floor pens (1.5 m /pen) were used 2 in total. The birds were offered ad-libitum feed and fresh water. The daily lighting program was 24 h. The experiment was terminated when the birds were 42 days of age. The initial live weights of the chickens were taken at the start of the experiment. Thereafter, daily mean live weights and feed intake were measured until the end of the experiment. Daily growth rates and feed conversion ratio were calculated. Mortality was measured throughout the experiment. Digestibility was done between ages of 36 and 42 days. Digestibility was conducted in specially designed metabolic cages having separated watering and feeding trough. Four birds were randomly selected from each replicate and transferred to metabolic cages for the measurement of apparent digestibility. A 3 days acclimatization period was allowed prior to a 3 days collection period. Droppings voided by each bird were collected on a daily basis at 09.00 h. Care was taken to avoid contamination from feathers, scales, debris and feeds. At 42 days of age all remaining broiler chickens per pen were slaughtered by cervical dislocation to determine the carcass characteristics. Breast meat yield and abdominal fat were weighed. Fat surrounding the gizzard and intestines extending to the bursa were considered as abdominal fat (Mendonca and Jensen, 1989) . At the end of each slaughtering, meat samples from each breast part of the slaughtered bird were taken and stored in the refrigerator until analyzed for dry matter and nitrogen. the diets, refusals, faeces and meat samples were determined as described by AOAC (2000) . The gross energy of the diets and excreta samples were determined using an adiabatic bomb calorimeter (Gaallenkamp, University of Pretoria, South Africa) The apparent Metabolisable Energy (ME) contents of the diets were calculated (AOAC, 2000) . Total phenolics were determined using Folin Ciocalteau method and expressed as tannic acid equivalent (% DM) (Waterman and Mole, 1994) . Condensed tannins were determined using Butanol-HCL method and expressed a s leucocyanidin equivalent (%DM) (Porter et al., 1986) . Protein-binding capacity by filter paper was determined using the methods described by Dawra et al. (1988) . Radial diffusion was determined using the methods described by Hagerman (1987) . Reaction o f Polyethylene Glycol (PEG) with tannins was determined according to the methods described by Silanikove et al. (1994) .
MATERIALS AND METHODS

Study
Statistical analysis: Effects of sex, dietary energy level and level of Acacia karroo leaf meal supplementation on diet intake, growth rate, feed conversion ratio, digestibility, nitrogen retention and carcass characteristics were analyzed using the General Linear Model (GLM) procedures of statistical analysis o f variance (SAS, 2000) . Where there was a significant Ftest (p<0.05), the Duncan's Multiple Range Test was used to determine the significance of differences among the means (Duncan, 1955) . Regression analyses were used to determine the relationship between tanniniferous feed supplementation level and animal performance indices (fat pad, digestibility and nitrogen retention) (SAS, 2000) .
RESULTS
The high and low energy diets contained 18.2 and 17.6 MJ energy per kilogram DM, respectively and 180 g crude protein per kilogram DM diet ( Table 2) . Results of the nutrient composition of Acacia karroo leaf meal are presented in Table 3 . Acacia karroo contained 120 g crude protein per kg DM, 1.5 % DM total phenolics, 4.5% DM extracted condensed tannins and 3.72% DM unextracted condensed tannins. The analysis b y polyvinylpolypyrollidone, radial diffusion, polyethylene glycol and precipitable phenolics by filter paper showed that A. karroo leaf meal had 0.57% DM, 4.00 mm , 039 2 mg/g and 0.24 µg, respectively. The effects of dietary energy level and tanniniferous A. karroo leaf meal level of supplementation and their interactions on feed intake, growth rate and feed conversion ratio of male and female Ross 308 broiler chickens from 22-42 days of age are presented in Table  4 . Dietary energy level, tanniniferous A. karroo leaf meal level of supplementation, sex and their interactions had no effect (p>0.05) on growth rates and feed conversion ratio of broiler chickens. Within the same sex, dietary energy level and tanniniferous A. karroo leaf meal level of supplementation had no effect (p>0.05) on feed intake of broiler chickens. However, when compared on the same diet, male broiler chickens had higher (p<0.05) feed intake than female chickens. Table 5 . Dietary energy level, tanniniferous A. karroo leaf meal level of supplementation and sex had no effect (p>0.05) on dry matter and CP digestibilities, metabolisable energy and nitrogen retention in broiler chickens. Dietary energy level, tanniniferous A. karroo leaf meal level of supplementation and sex had no effect (p>0.05) on carcass weight, dressing percentage, breast meat and thigh weights of broiler chickens (Table 6) . Tanniniferous A karroo leaf meal supplementation had effects on fat pad weights. Broiler chickens supplemented with A karroo leaf meal had lower (p<0.05) fat pad weights than those not supplemented. However, sex of the chickens had no effect (p>0.05) on fat pad weights. Dietary energy level, A. karroo leaf meal level of supplementation and sex had no effect (p>0.05) on crude protein content of breast meat samples of male and female broiler chickens (Table 7) . A series of linear regressions that predict fat pad content, crude protein retention and dry matter digestibility in male and female Ross 308 broiler chickens from tanniniferous Acacia karroo leaf meal level of supplementation are presented in Table 8 . Acacia karroo leaf meal level of supplementation was poorly correlated with fat pad of male (r = 0.329) and 2 female (r = 0.071) broiler chickens fed a low energy diet. were fed a high energy diet. Similarly, poor correlations were observed between A. karroo leaf meal level of supplementation and crude protein retention in broiler chickens.
DISCUSSION
This experiment was designed to have high and low energy diets. The analyzed experimental grower diets had ME levels of 10.5 and 11.0 MJ/kg DM for Low and High diets, respectively. The Acacia karroo used in this study contained 120 g of crude protein per kg DM. This is quite high and ideal for supplementation in animal feeds (Makkar, 2003) . Similar, results have been reported elsewhere (Dube 1993; Kahiya et al., 2004) . However, Acacia karroo contained high concentrations of tannins, particularly condensed tannins. Dube (1993) reported similar concentrations. Condensed tannins bind with diet protein and other nutrients, hence they tend to lower diet intake and digestibility in animals (Dube, 1993; Makkar, 2003) . Thus, the performance of animals on high tanniniferous feeds is usually low (Makkar, 2003) . The present results showed that dietary energy levels had no effect on feed intake, growth rate, FCR, digestibility, nitrogen retention, carcass weight, fat pad, carcass parts and dressing percentage of broiler chickens. Metabolisable energy levels of the grower et al. (1993) reported that sex had similar effects on broiler chickens eat primarily to satisfy their energy carcass weight and nitrogen content of breast meat of requirements (Scott et al., 1982) and hence, feeds of broiler chickens at 42 days of age. However, Lippens et similar energy levels will give similar intakes.
al. (2000) reported that female broiler chickens yielded Acacia karroo leaf meal level of supplementation had no smaller carcass weights than male chickens. Han and effect on growth rate, feed conversion ratio, carcass Baker (1994) , also, reported that sex had an effect on parts, dressing percentage and crude protein contents carcass weight and nitrogen content of breast meat of of breast meat of broiler chickens at 42 days of age.
broiler chickens. The differences were explained i n These results could be explained in terms of similar terms of higher feed intake in male than female intakes, digestibilities and nitrogen retention, chickens. It was, additionally, suggested that the irrespective of the treatment. Similar results were differences between sexes probably arise from obtained by Al-Mamary et al. (2001) who found that metabolic differences and also from the differences in addition of sorghum grains low in tannins to diets of the onset of fattening of broiler chickens. rabbits did not change growth rate, feed intake and feed Acacia karroo leaf meal supplementation had an effect conversion ratio. Similar, results were also reported by on fat pad weights of broiler chickens. Supplementation Diao et al. (1990) . These findings are contrary to the with 9 and 12 g of Acacia karroo leaf meal per kg DM of findings of Laurena et al. (1984) , Makkar (2003) and feed reduced fat pad weights in male broiler chickens by Hassan et al. (2003) who found adverse effects o f 26 and 29% points, respectively. Similarly, tannins on feed efficiency, growth rate and protein supplementation with 9 and 12 g of Acacia karroo leaf digestibility.
meal per kg DM feed reduced fat pad weights in female Male broiler chickens ate more feeds than female chickens by 26% points. These reductions were chickens. These results are similar to those of Dozier et achieved without any significant reduction in feed intake al. (2008) who found that male broiler chickens had and or digestibility. The physiological explanation for this higher feed intake than female chickens when both effect is not clear and it, thus, merits further investigation. sexes were fed ad libitum. The differences were However, it is known that A. karroo leaves contain high explained in terms of female chickens requiring o n contents of condensed tannins which tend to bind with average 13% less feed for maintenance per k g feed and endogenous proteins and other nutrients, thus metabolic body weight than males. However, Gous et al. lowering diet intake and digestibility (Makkar, 2003) . The (1999) suggested that genetic potential influences presence of condensed tannins has been associated broiler chicken growth responses because it affects their with reduced carcass fat in ruminant animals (Purchase nutritional requirements. Thus, male broiler chickens and Keogh, 1984; Terril et al., 1992) . However, n o have pronounced genetic advantage on feed intake physiological explanations were given in their studies. compared to female broiler chickens. However, there No similar studies in chickens were found. were no differences between sexes in growth rate, Low but positive correlations were found between carcass weights, carcass parts and breast meat Acacia karroo leaf meal level of supplementation and nitrogen content. These results may be explained in diet DM digestibility, fat pad weights and crude protein terms of similarities in digestibility values. These results retention in broiler chickens. Mashamaite (2004) are similar to the findings of Leeson and Summers observed similar results in rabbits. No similar studies in (1991) who found no differences between male and chickens were found.
